Phleomycin is an antibiotic reported to display an antitumor action (1) .. The effect of phleomycin on DNA synthesis in Escherichia coli was studied in 1963 by TANAKA et al. (2) and by FALASCHI and KORNBERG (3) , and the latter investigators stated that the antibiotic might inhibit the action of DNA polymerase by binding primarily to DNA primer.
In spite of these works and the work published thereafter, the site in DNA-synthesizing system sensitive to phleomycin is still unknown. This paper presents evidences that phleomycin is able to induce mutation in certain strains of Bacillus subtilis and Escherichia coli, and that some of the phleomycin-resistant mutants are genetically unstable. The relationship between the genetic instability and the DNA-synthesizing system will be reported in the second part of this series of work.
MATERIALS AND METHODS

Bacterial strains.
A tryptophan-requiring mutant (160 trp), and an indole-thymine requiring mutant (168 ind thy) of B, subtilis Marburg, and a methionine-requiring mutant of E. coli K12 (W2252 Hfr A-met) were used. In transformation experiments, a mutant of B, subtilis sfr resistant to streptomycin (800 cg/ml) and erythromycin (0.5 pg/ml) was used. Antibiotics.
Phleomycin in distilled water to 100 ig/ml, stored at -5°, and used within one week after being dissolved. Dihydrostreptomycin and erythromycin were supplied from Meiji Seika Co., Ltd., and Dainihon Seiyaku Co., Ltd., respectively.
Media. LENNOX medium contained, in 1,000 ml distilled water, Bactotrypton (Difco), 10 g ; yeast extract (Difco), 5 g ; NaCI, 5 g ; and glucose, 1 g. When necessary, the medium was solidified with 15 g/liter of agar. Minimal medium contained, KH2PO4, 8.48 g ; KOH, 2.26 g ; sodium citrate • 2H2O, 0.5 g ; (NH4)2SO4, 1 g ; MgSO4.7H2O, 0.2 g ; and glucose, 5 g. CI medium contained double the amount of the components in minimal medium ; Bacto vitamin-free casamino acids (Difco), 200 mg ; L-arginine • HCI, 200 mg ; and L-tryptophan, 50 mg.
Transformation procedures. Transformation experiments were carried out as described by BOTT and WILSON (4) . DNA was prepared from a donor strain by the method of SAITO and MIURA (5) .
RESULTS
Induction of mutation with phleomycin B. subtilis strains 160 and 168, and E. coli K12 cannot form colonies on agar plates containing 0.02 pg and 15 beg/ml of phleomycin, respectively. Mutation-inducing activity of phleomycin on B. subtilis was found in plates containing 0.03 beg/ml of phleomycin. Fig. 1 shows one example, where the cells of B. subtilis 160 were plated on Lennox medium supplemented with or without phleomycin.
On the phleomycin-supplemented medium, about 10 of the plated cells survived, and a large portion of the colonies that appeared were morphologically different from those that appeared on plates without phleomycin.
The experiment was extended to B, subtilis strain 168 and E. coli K12 W2252. Colonies that appeared on plates containing 0.03 pg/ml (B. subtilis) or 20 pg/ml (E. coli) of phleomycin were checked for their morphology, growth rate, and nutrient requirement.
When the requirement was to be tested, a small fraction was picked up with a needle from each colony and transplated to both LENNOX medium and minimal medium supplemented with a limited number of nutrients (L-tryptophan, 25 pg/ml ; L-methionine, 25 pg/ ml ; thymine, 25 pg/ml).
Colonies significantly larger or smaller than the normal colony were recorded as growth rate mutants.
As shown in Table  1 , a large fraction of the colonies that appeared were abnormal with regard to their morphology, growth rate, and nutrient requirement.
No morphological mutant was found among the phleomycin-resistant colonies of E, coli, but 10-20% of them were abnormal with regard to their growth rate and nutrient requirement.
Interpretation of the obtained results will be discussed later. Genetic instability of the phleomycin-resistant mutants
The experiments described hereafter were carried out with phleomycinresistant mutants obtained from B, subtilis strain 160. To test genetic stability of the phleomycin-resistant character, about 100 colonies appearing on phleomycin-supplemented medium were transferred to fresh LENNOX medium supplemented with or without phleomycin. All of the tested progenies grew normally on the supplemented medium, and even when colonies that grew once on non-supplemented medium were streaked on supplemented medium, they grew normally in the presence of phleomycin.
As the results shown in Fig. 1 and Table 1 were too complicated to attribute them directly to the effect of phleomycin on the genetic materials in B. subtilis and E, coli, genetic stability of the phleomycin-resistant mutants was tested by a different method.
Cell suspensions were prepared from Cells with 0.03 Table 1 . Characterization of the phleomycin-resistant colonies of B. subtilis and E. coli. of B. subtilis or E. coli were plated on LENNOX medium supplemented or 20 pg/ml of phleomycin. each of about 100 colonies and plated on LENNOX medium supplemented with 400 ~g/ml of streptomycin. As shown in Table 2 , some of the tested suspensions yielded considerably a large number of streptomycin-resistant progenies in the absence of phleomycin.
Similar instability was observed in other characters.
When plated on minimal medium supplemented with a limited number of nutrients, several suspensions yielded a small number of colonies although they yielded a large number when plated on LENNOX medium.
The dependency of growth on incubation temperature was tested with LENNOX medium.
Several suspensions yielded none or a small number of colonies on plates incubated at 48°. The phleomycin-resistant colonies were classified into 18 types on these criteria.
In Table 3 , the characters which showed instability are recorded with the symbols of plus and minus. Pedigree analysis of the unstable strains Two selected strains, 6-2 and is-l, were subjected to pedigree analysis. The colonies which showed the characters of starting strain were selected as members of the parental line. The typing was made by making cell suspensions, plating on LENNOX medium, and replica-printing on both LENNOX medium with or without streptomycin and minimal medium supplemented with limited number of nutrient.
As shown in Fig. 2 , both of the tested strains showed a high degree of genetic instability.
Transfer and curing of genetic instability by DNA To investigate whether the genetic instability observed could be transferred to another strain by DNA-mediated transformation or not, cells of a phleomycin-sensitive, streptomycin-sensitive strain were exposed to DNA prepared from a phleomycin-resistant, streptomycin-resistant strain. Because many genes responsible for the acquisition of drug resistance are known to be located in a small region near the streptomycin locus in B. subtilis (6), the streptomycin resistance was used as the marker for first selection.
The transformation was performed at a DNA concentration of 0.01 tig/ml to avoid occurrence of double-event transformation.
As shown in Table 4 , among the 23 streptomycin-resistant transformants tested, 6 were resistant to phleomycin and all of the phleomycin-resistant transformants selected were mutable.
Curing of genetic instability by healthy DNA was also attempted. Cells of a strain resistant to phleomycin and sensitive to erythromycin were exposed to DNA prepared from a strain sensitive to phleomycin and resistant to streptomycin and erythromycin.
The results are shown in Table 5 . Some of the transformants were sensitive to phleomycin and resistant to streptomycin (or erythromycin) and a few were sensitive to phleomycin and resistant to both streptomycin and erythromycin, suggesting that the phleomycin locus might be located near the streptomycin and erythromycin loci.
DISCUSSION
Several agents which are known to be inhibitory against the synthesis of DNA are mutagenic (7) . Phleomycin has been reported to inhibit the synthesis of DNA by binding to DNA (3) . The high frequency appearance of mutants in phleomycin-resistant colonies may be explained in two ways . The first hypothesis is that the mutations are induced by direct action of phleomycin on genetic materials as in the case of mitomycin (8) (the concept of mutagen).
The second hypothesis is that the first mutation occurs in the phleomycin gene and that an altered product from the mutated gene acts as the inducer of subsequent mutations (the concept of mutator gene).
Since phenotype was examined on the level of a single colony in the present study, the latter possibility cannot be ruled out.
The observations that some of the phleomycin-resistant mutants are genetically unstable and that the genetic instability is transferred by DNA seem to support the second hypothesis.
The resistant mutants may give rise to various kinds of mutants during prolification by action of a factor involved in the cells.
The question of what is the mutation-inducing factor will be answered partly in the second part of this series of work. We presume that the factor is produced from DNA, because the mutability is transferred from one strain to another by mediation of DNA. The transfer of genetic instability by DNA was reported once by Cox and YANOFSKY (9) . With regard to the problem of identity or nonidentity of the phleomycin gene with the mutator gene, the result shown in Table 4 suggests that both genes may reside on the same DNA piece of the size of 106-107 daltons.
Probably, they may reside on the same locus or on two different loci standing nearby. With the mutant, is-l, which was resistant to phleomycin, able to mutate at a high rate, and sensitive to high temperature, the reverse mutation was examined.
As far as this strain was concerned, the back mutants had lost the three characters at the same time. These studies suggest that the phleomycin gene may be identical with the mutator gene.
It must be noted, however, that the phleomycin-resistant mutants are not always mutable. About 50% were genetically stable.
The phleomycin-resistant locus was determined by the transformation technique.
In the experiment where the mutable strain was used as the recipient, the possibility could not be ruled out that the observed transformants might involve some mutants induced spontaneously from the recipient 
